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R6Bum6 - Under certain experimental condltloi)m the Internfil friction in. . . . . .—
mctnls can first Incrense and folluulng prolonged irrndlntlon decreaae.
Mnny models have been proposed tJ nccount for this “pemkln~ efft!ct”;
however, In mnny of the cmne~. no effort 10 ■ade to distinguish botwnen the
Influence of Interstltlals and/or vacanclea. To dett=rmlnc the nature of
the point defect reepon~lhle for the penklng effect In high purity coppar,
we kave performed a aerlee of pulartd Irrndlntlonn ualnp neutrone
and electrons. In all of the experiments tin lnltlal very rripld rlac In the

lutein~l friction and YounK’s modulus was observ?d. These data nhow that a
fnst dlffu[.lng defect 1s reaponolhla for the pcaklng effect: i.e. the
Interatltlml.

Al)slrnqt - Un(lor certnln oxpcrlm(!nt.ul condltlo’,s the intornnl friction in.-. ..— -
❑ctaln cnn flr8t Incrense nnd followlnK pralonSed irradiation dacroa@e.
Mnny ❑odels hnvc been propoacd to nccownt for thla “ponklnfi effect”:
however, In ❑nny 07 lhe cnfles, no effort :n made to d18tlnguleh between the
Iuflucoce of loterstltlmi~ and/ur vncfinclc~. To determine the naturo of
lhc point dofe(:t reepouslble for the pmkln~ effect In hl~h purity copper,
wr hnvc performod a serlcj of pulsad lrrnd[~tlonB using newtron8 nnd

cl(!ctrons , In all of tho exporimentu mu lnltIal very rnpld rise In the
Iulcrnnl friction nnd Younk’e ❑rwtu]um wnn ohncrved. These data mhow that m
fnst dlffoslnr acfect Is renponstblo for tl(c ponklnC affect: I,o. tho
lnter~tltlal,

[ - IN71U)OUCTION,

Iinrl!- t!xperlmoot~ oil lIIC cffcctn of Irrndlntlnn oil 1110 Intcrnnl frlctlon In mctuln

/1/ iw,rc lu~crprcl(!(l UI! tlln IMINIS of [ho vlhrntlnv titrlnl~ model propoud hy Koohlnr

/2/ nil(l (!x Icu(Io(I by G1’nllnt[) !IU(l l,u(:kc /0/, [;1 thin mod(!l rndlut.lor ~lJOilllCO(l

(l II f(,.:t N crml(!(l In [kc Intllcc ml Crntc (O mI(l flrmty mllchor (pin) th(! dltilocnt ions

(I[ rnildorn IW)III III. I’ll[(i lCOd H 10 u llh OIL(Ill[ll~ of t.ho IIV(!1501!0 dlslocnt Iou lcllgth

wl [11 n (;[IrI,4~wI)oll,llIII; d(!cr(!nse Ill tllc (Inml)lilr utl(l nlt lncro oHI! in tlIo modu 1!1s ,
Nlim(!lotln cxi)(!rlm(!ulul roflults hnvo Iw!(!II ox[)loln(!d !loln~ tliln model wlt.11 vIIryinu
d(~j!ln(!v ur nucc(~!ltl I’IIIs pl(!{uru hn(l {o 1)(! modlrl{!d III 1L)71 WIICII SlmpNon lt!ld Souin

/1,0/ i)how(!(l t,knl under fIpuclnl (!xlw)rlmctllnl coll(llt IOIIN, t,h(l lnt(!lulnl t-rlct lull

flrsl lIIcr(v Is(wl drnmollcnlly U( (ho un~(!t of Irro(llntlon nnd fullowlli~ prol Om!od

ll’1.lld Lllti Otl th{? dlll!lpill(: d(!(;l,ollll(!d to w(!~! h(!l(JW itl! ;)1,0. lEI’U(IIULIOII Vllltl(l, ~u(:h

hohnvlor lIns boon [Inm(,(l tllo “Pwiklll[! Itff(w; t” (PI!]. Th(I modulue lncronm(!d mollotonl -

Cully dllrlllf! tllo Irl’udlol ion. II(I1 Iowilllf I,tllm [)1.01 Ihlillnl.y work, t’[i hllll b(’(!ll

olIN(.I.v4xl in uumvrouu m(. tnlu OIId ulwlor voriou N nx~w!rlm(!ntnl co[tdltlul)~ /0 17/, 1110
Impnrtunt nJlllc(:t.J of th(! 1’[{ hnv(! rccont Iy how Ilummmrjy.(!d by Mlol{!r ot nl. /10/ nld
oy I:ol(hnrn /10/, NOIIC llf ~hooo McdoltI knvll 1)(!(!11 (Intiro]y Nu(;(;(*Nriful III dult(:rihiog

1,~{ , SOllorflt 1011 of (11(! (*c f(*(:l H (Iu(! to 111((, rl!t I tin In ulld V!lcllnclol! dllrln([ l-rndlll
tluIl hnq I)(,ou n mnJor ohntnc[v III IIII(I(! 111111111111III l’1~, SImpuon uud Korkhoff /10,20/
W(ll.($ nl)lo to Illluw (Ilnl ,Vo(:lul(:il,ll (:011 Only ~)111 dl(!lo(,:lt. lolln IInplylll(: Lllnt 1’1{ Ill dull

to LIIn iIIlordcllon UC lulf!rntl~lul~ with dlulu(;utioun. Puluo lrriwllmlloon



have also been conducted /16,21-24/, however the long pulse duration (tens of
%econdm to trn hour) has hampered ❑eparatlon of dmfect effects.

To unravel the nature of the defect that causea PE during Irradiation, we performed
a series .~f pulsed neutron (40uBec) and electron (0.4 second, 1 MeV) Irradlmtlons
on a copp(r sample over a temperature ❑pan form 310 to 430 K. In addition the flux
rfcpendanc( was examined. Re8ulta are Interpreted in llght of the current models of
PE .

II . EXPERIMENTAL PROCEDURE AND RESULT&

Experlm+ntal details are similar to our prevloua work /13,26/. The pulsed neutr?n
experiments were using a Paat-burst aEsembly which

Yi=’:;;$: a
fisalon-l[ke spectrua

of nbout 40usec duration lendlng tn II fl~lence of 10 Electron Irradlntions
were performed using 1.0 fleV electrons In 0.4 second pul~es generated by a ■echanl-
cnl shutter Table 1 lists the Pluences for the constant temperature dntfi. The PE
for this sample wag characterized by performing a contlnuou.s electron Irrfidlntion
mt 370K. A well doflned peak Is observed with a height of 1.4 and a mdulus defect
of 4,5% Is exhlbl:ed. Thla behavior is typical of thct shown hy mont
experlmentere .

A scrli?s of pulsed Irrhdletionn at 37fIK were parformcd with a variation In flucncn
of nbout a factor of ten. A very rnpld rise In the decrement occurs during the
first tcus of secouda tvJth llltlo chnnge occ!lrrlng after the first couple hundreds

of secondb’ (see flEurc la). Electron lrradlutionm produce ten times tha number of
defects mn neutron Irradlatlons, thereby producing a lnrgar Jnltial incrense in the
decrement. The mnxlmum value of b/b wcnlns llncnrly with dose, A grnduml
dt?crcnne in the dftmplnt! occur~ after”the first t;ouple of hundred necond~, this

behnvlor Is not the same as the pt?nk producrd during contlnuoua lrr~dlatlon, nnd

th(!re?orc wII[ be roferre.d to ns nn nnomnlous pe.nk. Modulus ❑emsuremenl.n recorded
nlmliltnneously show n monotonic lllcrenee ns n function of t.lme (see figure Ii)). As
wI(II tlIo (I(!crt!mcnt dntn, most of the Increnso ocr,[irn Jn the first tens of seconds.
A s(!rlcs of pulsed neutron and electron lrrndlatlona at constullt dooe. were pcr-

form(!~l nvcr tho tcmporntUre rnngc 319 tn 40t)K, Note the strong tcmpornl.ura
dcpondcnce. of the decrcmeut (figure 2n)l Mod(lJu8 dntn shown In fl~ure 2h reflects
the snmc fioncrml tr(!u(ls na oh~crvcd for tho docrcmcut dntn, pnrtlculmrly the str(mE
tcmpnrnturc depcndonce,

111 - I)lSCUSSIGN.——.———

The dn(n for both pulflcd electron nn(l ncutrou lrrudlntlon~ show c~scnt[nlly the
snmc time, dose, and tcmpcrnturc dcpclldcllt hchnvior. For mll expcrlmcn(~, the data
nhow n vnry rnpid risw (wlthln to[,~ of ~ccond~) of the (Iecramout nnd moduluo,
how(!vcr thin rcfiponsc la nut ln~ti, ntu(loou~, A nccond unlvernnl fc,,turc I!J the BIow
dn(:r(m~o In tho (Iccrrmcnl nnd n slow lUCNMISC In the mndulun n( lnnK tlmcn. I’hln
pcnk in lIIC (I(!cramcnt i~ not l’!: nlnco th(! vnl II(I of 6/6 ,, I ,4 10 not rrnchad (!vcn
JN IIIC cn~c of clrctro[t Irrndlnllollo, 1YUI. ,ICIIIUOII Irrldlntlons, th: []UXtbO1’ Of

d(!f(!ct H 111.1.[V/11~ (It. dlIIlocnt Ioll!l Is n fn(:tor of hulldr(!d loss (tan lcNn III fJucIico
mI(l 10II l(!stI III free do foct production pur pnrtlclb). Thus an nnrmalouo peuk Is
obflcrv(!d {n lllti (JUIU.

A!I I)nlnt (Id 0111 III tl;o Introdu(:l {(III, t.har(! ur(, mnny m(wl(!l~ to nccount for I’tl, Thrnn
CIIIII!(! rrum (II(! orll; innl drnHI!l IIR model of Slmp HOII mId Sos Jn /4/ wltll (!KL(!IISIOI!N by
Ol!(lrtniil /20,2’// NII(l !,u(; ko UII(I Oruilnto /;![1/ I,u tli(j EWJH(. rocnnt “liynt(!r(,tlc” ■nd(,l

propo!lrd hy F(!l(.tlllm /1(1/1 Siuce u1l uf those modoln cnn by prupcr (;holci? of

pm.nm(,l(!l M “’f It” N flvl(lc!.(!d n(!t of 1)1~, (1,11.11, !4n prvflcnl (txporlm(!ntn nro Jntorprotcd
only 111 (crrnti of III(! moot Roll(!rnl t’vnlurn~ (If tlIa modo!p, 1)(! (Il(!y “hyMte!’l!tl(:” or
“rt!lnxut lotlnl”, It Is of miiJ(~l, Imlw]rlnllc(: tn drt. urm(nf) wtlo(.hor tho 1’1{ III cuufl(!(l by
(11(* t(lnlf rnll~r Ilitcrn(; t 1011 ([!lolwil (, ff(!ctn) ,JC d(~C(I(:~s with or by n(:t loll (Ilro(; (ly

011 tllr dltl 1(1(! (11 It)lln , Slll(:o 111($ (lNln Cl(.l!rty IIllilw tlllll n fttflt. (Ilffu!llnl! (I(!f(lct Ill
flr N( crrn Lod [n tho goud latt Jca nnd nubmoquwutiy ■Jgrntoa to the dlalocatlon, tha
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“globnl c[fecte” ■odels /16,17,24,29/ cmn be ruled out elnce they require an in-
stantallcoli@ PE, The current cHperlmente do noL addresa the question of amplltudo,
frequcucy, nl~d sample preparation dependence no that ❑ o definitive aalectlon from
the rem.alning modelH can be =da.

One of the moat lntere~ttng fefltnres of the laodoae data la the strong temper6turo
dcDrrtd(.nce of the FImxlnum in tile decrement and the modulus defect nfter the first
fcw hl[ndred seconrtn. Since tilesame number of defects were created, one would
expect tile Plnal vfllues of tho decrement and ●odulus to be teoporeiture independent:
le. only time dependcllca SIIOU16 he ohnorved. The observed temperature dopemlonco
co~!ld be due to (1) complicated diffusion klnetlce which allow more defects to
reach dielncatlon @t hlEhor tompornture~ or (2) to tho temperature dependence of
dislocation parmmeter~. No c!lrre(lt model sllfficloncly addre~ses the~e poe-

SI!)llltlca, such aa adding temperature dependence to the dragging ❑odel. Clciarly
rtd(lltlollnl experiment are needed before tbla temperature dependence w1ll be fully
understood.

,V – CXJNCLUSIONS

Qualltatlve Hnalysls of pulecd neutron nnd mlectrolt Irrudlation HIIOWB that tlIe

pcnkinc effc(:t 19 due to the short rnnge Interaction of point defectti with dl910cu-
tlol)s ns oppoHed to Rome lonC rnn~e “global effect”, This defect lH identified aa
tllc fnst dlffusll]~ Intersfiltlial which 18 created in [lie Rood lattice and sub-
seq(lc.[ltly difft18es rmpldiy to the dislocation, Followinc the depletion of the
free Intcrstitluis, vncancios alow(y diffuse to the dislocallone and []roduce

pinlllu~, Tl,ls Ienda to m reduction of lllternai Criction. Work eupported by the Il.
S. Dcpmrtmcnt of Eneray.
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Teblc 1
Pulsed Neutron and 1 MeV Electron Irradiations at 37o K
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